ABSTRACT Aims/Introduction: Glinides are antidiabetic drugs that enhance the early phase of insulin secretion, but have been considered to be less effective at lowering blood glucose than sulfonylureas. However, glinides show a lower risk of hypoglycemia and a greater effect on postprandial hyperglycemia, and are particularly recommended for use in elderly patients with type 2 diabetes. We investigated the efficacy and safety of repaglinide compared with sulfonylurea for the treatment of elderly patients. Materials and Methods: In the present multicenter, prospective, randomized, openlabel, controlled trial, 57 elderly lean patients with type 2 diabetes who were being treated with sulfonylureas were studied. They were either switched to repaglinide (Repa group) or continued a sulfonylurea (SU group) for 12 weeks. The primary outcome comprised the change in glycemic control, and among the secondary outcomes was the presence of hypoglycemia and drug compliance. Results: Although glycated hemoglobin (HbA1c) was not significantly different between the two groups (SU +0.02% vs Repa -0.07%), greater improvements in the glycated albumin (GA) and GA to HbA1c ratio (GA/HbA1c) were observed in the Repa group (DGA, SU +0.12% vs Repa -1.15%; DGA/HbA1c, SU +0.01 vs Repa -0.13; each P < 0.01) without increasing hypoglycemia. When the Repa group was subdivided according to whether GA improved, the SU dose before switching to repaglinide was significantly smaller and the homeostatic model assessment of b-cell function was significantly higher in the GA improvement subgroup. Conclusions: Switching from SU to Repa improved GA and GA/HbA1c, and had favorable effects on glucose fluctuation in elderly patients with type 2 diabetes.
INTRODUCTION
The mechanism of action of repaglinide involves the promotion of insulin release from the pancreas, like that of sulfonylureas (SUs), and its principal side-effect includes hypoglycemia. However, the risk of hypoglycemia while using repaglinide is considered to be potentially lower than SUs 1 . During the treatment of type 2 diabetes, the importance of managing glycated hemoglobin (HbA1c) has been shown in numerous large-scale clinical studies [2] [3] [4] . However, as shown in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial 5 , it is also important to avoid severe hypoglycemia, but its occurrence is not usually reflected in the HbA1c value. An association between postprandial hyperglycemia and macrovascular disease has been shown in several previous studies, and the suppression of postprandial blood glucose can prevent atherosclerosis 6 . Daily glycemic fluctuations and high postprandial blood glucose potentially contribute to diabetic complications, such as atherosclerosis, through more glycation or oxidative stress 7 . Some studies have also shown an association between cognitive impairment and postprandial hyperglycemia or daily acute glucose fluctuations 8, 9 . Therefore, the avoidance of hypoglycemia and a reduction in postprandial hyperglycemia, with lower glycemic fluctuation, is especially beneficial for elderly patients with type 2 diabetes.
Analysis of continuous blood glucose monitoring (CGM) systems to evaluate the glycemic control achieved using SUs has shown that asymptomatic hypoglycemia is common 10, 11 . In addition, SUs are often insufficient to manage postprandial hyperglycemia. It is well known that insulin secretion is already attenuated at the stage of impaired glucose tolerance in the Asian population, relative to the Western population 12 , and that the ability to secrete insulin gradually decreases during the progression of diabetes, resulting in lower insulin secretion by elderly patients. In addition, elderly patients have lower muscle mass, thus having less capacity for glucose disposal. Accordingly, postprandial hyperglycemia is more common in elderly patients than younger patients 13 . Glinides could therefore be indicated specifically for elderly patients with type 2 diabetes because of the lower risk of hypoglycemia associated with their use, and their greater effect on postprandial hyperglycemia. However, they have been believed to be less efficacious at lowering blood glucose than SUs. In contrast, our pilot study comparing the effects of repaglinide and SU on blood glucose revealed the superiority of repaglinide for glycemic control in lean elderly patients who had not reached their glycemic goal 14 . Here, we aimed to assess the use of repaglinide for glycemic control in lean elderly patients with type 2 diabetes in a multicenter, prospective, randomized, parallel-group comparison study design, which was based on our pilot study.
METHODS

Study population
We enrolled 57 patients with type 2 diabetes from seven medical service units located in Hokkaido, Japan (Hokkaido University Hospital, Kuriyama Red Cross Hospital, Hokkaido Spinal Cord Injury Center, Manda Memorial Hospital, Oki Medical Clinic, Kurihara Clinic and Aoki Clinic). The participants were recruited to this trial between July 2016 and February 2017. All participants provided written informed consent before study enrollment. The inclusion criteria were as follows: patients with type 2 diabetes, aged 60-90 years, with HbA1c 7.0-8.9%, body mass index <25 kg/m 2 and who had been taking SUs for ≥12 weeks before enrollment. In calculating the SU dose, we defined that 1 mg glimepiride was equivalent to 40 mg gliclazide and 1.25 mg glibenclamide, as previously reported 15, 16 . We excluded patients with serious liver dysfunction and those taking high doses of SU (>3 mg glimepiride).
Protocol
This was a multicenter, prospective randomized, open-label, parallel-group comparison trial. Patients were randomly assigned to continue taking a SU once daily or to switch from SUs to three daily doses of 0.5 mg repaglinide (1.5 mg/day), according to HbA1c, body mass index and SU dose using computer software. All patients were encouraged to continue diet and exercise therapy during the study. Treatment was supervised at the appropriate medical care center for 12 weeks.
The primary outcome was the difference in glycemic control between the two groups. The sample size was calculated using the assumption that switching to glinides from SUs would improve HbA1c by 0.41%, based on data from our retrospective pilot study. Average HbA1c was improved from 7.68% (standard deviation [SD] 0.50%) to 7.27% (SD 0.51%) by switching from SUs to repaglinide. It was determined that 25 patients (28 patients including a 10% dropout estimate) were required in each group to detect a significant difference, with 80% power and at a statistical significance level of 5%. The secondary outcomes were changes in metabolic parameters and surrogate markers of b-cell function in blood samples, frequency of hypoglycemia and drug compliance. We defined hypoglycemia as the appearance of hypoglycemic symptoms as reported in the questionnaire used in the present study.
Drug compliance was checked using a questionnaire containing a five-stage evaluation, before and after the trial.
Biochemical analysis
Fasting serum biomarkers were measured at baseline and at the end of the study. Of these, insulin was not measured in patients taking exogenous insulin. The homeostatic model assessment of insulin resistance (HOMA-IR) and the homeostatic model assessment of b-cell function (HOMA-b) were calculated to assess insulin resistance and b-cell function, respectively. HOMA-IR and HOMA-b were assessed using the following formulas: HOMA-IR = fasting plasma glucose (mg/dL) 9 fasting insulin (lU/mL)/405, HOMA-b = fasting insulin (lU/ mL) 9 360/(fasting plasma glucose [mg/dL] -63).
Statistical analysis
The results are expressed as means or medians and range. Differences in baseline characteristics between groups were assessed using unpaired Student's t-tests for continuous variables, and the v 2 -test for categorical variables. Differences in time series baseline characteristics in the same group were assessed using paired Student's t-tests for continuous variables. The Kolmogorov-Smirnov test for normality was used to determine the appropriate statistical test for the continuous variables. The primary outcome was analyzed using the full analysis set. Single correlation analyses were undertaken using Spearman's rank correlation. HOMA-IR was analyzed using the Wilcoxon signed-rank test, because normality was rejected for this variable. For the secondary end-points, the mean changes between baseline and the end of the treatment period were analyzed descriptively for both groups in the complete case population. We also used the paired t-test or Wilcoxon signed test without an adjustment for multiple analyses, because these secondary analyses were exploratory in nature. P < 0.05 was considered to represent statistical significance. Data were analyzed using JMP pro version 12 (SAS Institute Inc., Cary, North Carolina, USA) and BellCurve for Excel (Social Survey Research Information Co., Ltd., Tokyo, Japan).
Ethics statement
The study was registered at the University Hospital Medical Information Network Center under the identifier UMIN000022531. The protocol for this research was approved by the institutional review board of Hokkaido University Hospital Clinical Research and Medical Innovation Center, and conformed to the provisions of the Declaration of Helsinki (as revised in Fortaleza, Brazil, in October 2013). Signed informed consent was obtained from the all the participants.
RESULTS
Baseline characteristics
A total of 57 patients were initially enrolled in the trial. Each patient was randomly assigned to either the SU group or the Repa group, and 52 patients completed the study (26 patients per group). One patient in the SU group and two patients in the Repa group withdrew their consent, and one patient in the Repa group withdrew because of hypoglycemia and the requirement for surgery to treat an unrelated disease ( Figure 1 ). The participants consisted of 38 men and 19 women, with a mean age of 72.3 -6.7 years and mean HbA1c levels of 7.4 -0.5%. Other baseline characteristics of each group are shown in Table 1 . There were no differences between the two groups in body mass index, blood biochemistry, diabetic complications or the proportions taking oral antihyperglycemic agents. SUs and repaglinide were well tolerated throughout the study.
Outcomes
After 12 weeks of SU or repaglinide treatment, HbA1c levels were changed in neither group. No difference was found in the HbA1c change (SU, 7.53% before and 7.55% after; Repa, 7.41% before and 7.31% after, P = 0.37; Figure 2a ). However, glycated albumin (GA) and the GA to HbA1c ratio (GA/HbA1c) significantly improved in the Repa group during the study, and this improvement was greater than that observed in the SU group (DGA +0.12 vs -1.15, P < 0.01; DGA/HbA1c +0.01 vs -0.13, P < 0.01; Figure S1 ; Figure 2b ).
There were no differences in body masses, blood pressure, or liver or renal function between baseline and 12 weeks, or between the two groups (Table S1 ). Similarly, there were no significant differences in the number of hypoglycemic episodes or drug compliance between the groups. The protocol of the present study did not allow the addition or switching of all medications except for SU and insulin, which could be reduced in patients at risk of hypoglycemia. However, no participant changed or added any medications during the trial.
Subsequently, we divided the Repa group into subgroups according to whether GA did or did not improve during the study (Table 2) . Although the number of insulin users before enrollment was small in the Repa group (n = 3), none showed an improvement in GA after switching their medication. The GA improvement subgroup had been taking a lower dose of SU (0.8 -0.4 mg vs 1.4 -0.5 mg, P < 0.01) and had higher HOMA-b (25 -13% vs 9.1 -3.6%, P = 0.03; Table 2 ).
In addition, we divided the Repa group into three categories according to their original SU dose (0.5, 1.0 and ≥1.5 mg; Table S2 ). Improvement in GA was significantly associated with the SU dose, although the number of patients being treated with ≥1.5 mg of SU dose was small, and 100% (n = 10) of those taking 0.5 mg SU at baseline showed an improvement in GA. However, no contributing factors, including SU dose or HOMA-b, were found in single correlation analyses with respect to improvements in GA or GA/HbA1c (Table S3) .
DISCUSSION
This is the first randomized controlled trial to compare the effect of SU and a glinide in lean elderly patients with type 2 diabetes, in whom postprandial blood glucose is usually high. Glinides have not been widely used to date, because they are considered to be less effective at lowering blood glucose, despite costing more and requiring more frequent administration than other antidiabetic drugs. However, several studies have reported that dipeptidyl peptidase (DPP-4) inhibitors augment glinideinduced early-phase insulin secretion and significantly enhance their postprandial blood glucose-lowering effect 17, 18 . Recently, Values are mean -standard deviation or median (range). P-value of sulfonylurea (SU)-vs repaglinide-treated groups. † Data were obtained in 53 patients (SU n = 26, repaglinide n = 27). ‡ Data were obtained in 47 patients (SU n = 23, repaglinide n = 24). § Data were obtained in 54 patients (SU n = 26, repaglinide n = 28). ¶ The Mann-Whitney U-test was applied to homeostatic model assessment of insulin resistance (HOMA-IR). a-GI, alpha glucosidase inhibitor; c-GT, c-glutamyltransferase; ALT, alanine aminotransferase; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; GA, glycated albumin; GA/HbA1c, glycated albumin to glycated hemoglobin ratio; GLP-1RA, glucagon-like peptide-1 receptor agonist; HDL, high-density lipoprotein; HOMA-b, homeostatic model assessment of b-cell function; IRI, immunoreactive insulin; SGLT2, sodium-glucose cotransporter 2; TG, triacylglycerol; UACR, urinary albumin creatinine ratio.
in accordance with the increase of DPP-4 inhibitors users and the growing population of elderly patients in Japan, the number of glinide users has become larger.
DPP-4 inhibitors amplify the pro-insulin secretory effects of SUs and enhance their blood glucose-lowering effect, but hypoglycemia can develop more frequently on combination therapy. Indeed, it has been reported that the addition of DPP-4 inhibitors to SU therapy is associated with a 50% increase in the risk of hypoglycemia 19 . This is partially because of the enhancement of insulin secretion due to the interaction between exchange proteins directly activated by cyclic adenosine monophosphate 2 and SUs 20 . More than 80% of participants had been taking DPP-4 inhibitors before starting the present study, and this high rate of DPP-4 inhibitor use could have been at least in part responsible for the comparable or better glycemic control in the Repa group in this trial.
Although a superior effect of Repa on HbA1c was not observed in this trial, significant improvement in GA and GA/ Values are means, and P-values were generated using paired or unpaired Student's t-tests, with **P < 0.01 representing statistical significance. Repaglinide, the group that switched from sulfonylurea to repaglinide from the start of the trial period; SU, the group that continued sulfonylurea during the trial period.
HbA1c were observed in the Repa group. One possible reason for the discrepancy between the HbA1c and GA data is the disparity in the timescale required to reveal an effect on glycemic control: 12 weeks could be too short a period to detect a change in HbA1c. In addition, there is also a difference in how these measurements reflect blood glucose fluctuations. Albumin is 10-fold more rapidly glycated than hemoglobin, and that postprandial glucose levels are reflected more readily in the glycosylation of albumin 21 . For this reason, GA and the GA/ HbA1c ratio would reflect more acute increases in plasma glucose, whereas HbA1c is a marker of chronic hyperglycemia. Indeed, a previous study showed that the GA/HbA1c ratio, but not HbA1c, correlated with the glycemic fluctuations assessed using CGM 22, 23 . In clinical research, glycemic SD in CGM has been strongly associated with the GA/HbA1c ratio. Previous studies have shown a remarkable difference in glycemic SD values between patients with and without a GA/HbA1c ratio ≥2.8, and a ratio of 2.8 has therefore been proposed as a cut-off value for discriminating between patients with smaller and larger SD values. In addition, other Japanese groups have shown that GA or GA/HbA1c correlates with SD and MAGE in CGM 23, 24 . Although CGM is relatively convenient in our clinics, it is not practical or cost-efficient to use CGM for every patient. Thus, the GA/HbA1c ratio might represent a useful alternative means of predicting blood glucose fluctuations in daily medical practice.
A previous clinical study showed a negative correlation between glycemic fluctuation (mean amplitude of glycemic excursions) and cognitive performance (Mini-Mental State Examination Score) in elderly patients with type 2 diabetes 8 , Values were analyzed using the Wilcoxon signed-rank test, because normality was rejected for these variables. P-value for the difference between glycated albumin (GA) improved and not improved population in the repaglinide group, with *P < 0.05 and **P < 0.01 representing statistical significance. a-GI, alpha glucosidase inhibitor; c-GT, c-glutamyltransferase; ALT, alanine aminotransferase; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; GA, glycated albumin; GA/HbA1c, glycated albumin to glycated hemoglobin ratio; GLP-1RA, glucagon-like peptide-1 receptor agonist; HDL, high-density lipoprotein; HOMA-b, homeostatic model assessment of b-cell function; IRI, immunoreactive insulin; SGLT2, sodium-glucose cotransporter 2; SU, sulfonylurea; TG, triacylglycerol; UACR, urinary albumin creatinine ratio.
whereas another study found that the incidence of Alzheimer's disease was significantly higher when the GA/HbA1c ratio was high 25 . The other study showed a significant relationship of large white matter hyperintensity volume on brain magnetic resonance imaging, which could lead to the decline of cognition, with a high GA/HbA1c, but not with HbA1c level 26 . GA/HbA1c was also negatively associated with both the MiniMental State Examination Score and instrumental activities of daily living in elderly patients with type 2 diabetes. The authors suggested that increased glucose variability might cause oxidative stress, leading to cognitive impairment. Thus, it is important to manage GA/HbA1c, especially in the elderly.
When switching from SU to repaglinide, patients were expected to have a lower rate of hypoglycemia and poorer compliance. However, the results of the present study showed that hypoglycemic episodes, as analyzed using the questionnaire, were infrequent before switching from SU to repaglinide, and this might explain why a difference was not detected after switching.
Although we did not identify independent characteristic markers with which to predict an improvement in GA after switching, a smaller dose of SU and higher HOMA-b could be used. Higher HOMA-b is indicative of a greater capacity for insulin secretion, and these data are consistent with the present finding that none of the insulin users in the Repa group showed an improvement in GA. In addition, the beneficial effect of switching to Repa is likely to be limited when the corrected glimepiride dose is ≥1.5 mg. Although we did not identify independent characteristic markers that could predict an improvement in GA after switching, a smaller dose of SU and higher HOMA-b might represent indicative factors of successful switching.
The main limitations of the present study were the small sample size and the short duration of treatment. A further limitation was the lack of double blinding, which was because of the ambulatory care setting. To circumvent these potential issues, our findings need to be replicated by a larger-scale, long-term, diet-controlled, double-blind trial. Although it was reported that the half dose of repaglinaide (0.25 mg 9 3/day) could also be useful 16 in Japanese patients, the administration dose of repaglinide was set at 1.5 mg (0.5 mg 9 3/day) in this trial. Further study is required to elucidate the clinical efficacy of lower-dose repaglinide.
In conclusion, repaglinide lowered GA or GA/HbA1c, and might be more effective at improving glycemic fluctuations than SUs in lean elderly patients with type 2 diabetes. Switching from SUs to repaglinide acceptably is safe and might be associated with a lower risk of subsequent atherosclerosis or cognitive impairment.
SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article. Figure S1 | Comparison of changes in glycated albumin (GA) before and after treatment in each group. Values indicate the mean, and P-values were generated using paired or unpaired Student's t-tests, with P < 0.01 (**) being considered to represent statistical significance. Repaglinide, the group that switched from a sulfonylurea to repaglinide at the start of the trial period; SU, the group that continued sulfonylurea during the trial period. Table S1 | Laboratory data for the study population at baseline and 12 weeks. Table S2 | Association between sulfonylurea dose and rate of improvement after switching from sulfonylurea to repaglinide. Table S3 | Analysis of the contributing factors to the change in glycated albumin or the glycated albumin to glycated hemoglobin ratio in the repaglinide group.
